We present a brief outline of the basic physics of photon induced nuclear reactions and describe the history and current content of modern photonuclear databases.
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Photonuclear physics
A photonuclear interaction begins with the absorption of a photon by a nucleus, leaving the nucleus in an excited state. The nucleus then undergoes multiple de-excitation processes emitting secondary particles and possibly undergoing fission. There are two main mechanisms for photon absorption by a nucleus: the giant dipole resonance (relevant for photon energies in the range 12-16 MeV) and quasi-deuteron absorption (relevant for energies < 150 MeV). For photon energies below about 2 MeV there is also a relatively weak process: Nuclear Resonance Fluorescence (NRF). In this process the photon induces a magnetic dipole vibrational resonance of the nucleus. It is about a hundred times weaker than the giant dipole resonance and is extremely narrow, on the order a few keV. The key feature is that it produces characteristic, i.e. isotope dependent, gamma-ray emission lines. The giant dipole resonance can be viewed as an electromagnetic wave (photon) inducing an electric dipole-like vibrational resonance of the nucleus as a whole, which results in a collective excitation of the nucleus. The giant dipole resonance occurs with highest probability when the wavelength of the photon is comparable to the size of the nucleus. This typically occurs for photon energies in the range of 12 to 16 MeV and has a resonance width of a few MeV. For energies above 16 MeV, photons are mostly absorbed through the quasi-deuteron absorption process. Here the incident photon interacts with the dipole moment of a correlated neutron-proton pair inside the target nucleus.
Once the photon has been absorbed by the nucleus, single or multiple particle emission can occur. For energies below 150 MeV, a combination of gamma-rays, neutrons, protons, deuterons, tritons, helium-3 particles, alphas and fission fragments can be emitted. The threshold for the production of a given secondary particle is governed by the separation energy of that particle, which is typically a few MeV up to 10's of MeV. Most of these particles are emitted via pre-equilibrium and equilibrium mechanisms.
Pre-equilibrium emission occurs when a particle within the nucleus receives a large amount of energy from the absorption mechanism and escapes the binding force of the nucleus after at least one, but very few, interactions with other particles. This process occurs on a fast time scale compared to equilibrium emission.
Equilibrium emission can be viewed as particle evaporation. This process typically occurs after the available energy has been distributed among the nucleons. In the classical sense, particles boil out of the nucleus as they penetrate the nuclear potential barrier. For heavy elements, evaporation neutrons are emitted preferentially (versus charged particles, such as protons, deuterons, alphas, etc.) as they are not subject to the Coulomb barrier. After these initial emissions, the nucleus is still in an excited state, and will relax to the ground state by the emission of one or more gamma-rays.
Fission is often modeled as a form of evaporation, and it occurs at roughly the same time scale (i.e. it competes with equilibrium emission but occurs after pre-equilibrium emission), however it is a completely separate kind of process. Fission is viewed as a mostly adiabatic distortion of a highly deformed nucleus. The fission process results in two fragments. For each parent nucleus, there is a relatively broad distribution of possible daughter fragment combinations. Each daughter nucleus can then undergo further decay.
The various de-excitation processes (pre-equilibrium emission, equilibrium emission, and individual fission) have decay widths in the the range 0.01 MeV up to 10 MeV, which corresponds to very short decay times of 0.1 ps down to 10 −23 seconds. In multiplying materials, where neutrons from one fission event trigger fission elsewhere in the material, there is an additional time structure due to the transport time and thermalization time of the secondary neutrons. For fission chains this results in times of a few ns up to µs for the output of particles after the initial, primary fission.
UCRL-TR-455702 3

Photonuclear data evaluations
In the mid 1990's a research coordination project was formed under the auspices of the International Atomic Energy Agency (IAEA) to collect all relevant experimental photonuclear data and to release a library of evaluated data files covering major isotopes of importance to structural, shielding, activation analysis, fission, and transmutation applications [1] . The two main goals were:
1. Review and choose the highest quality photonuclear data available at that time, taking from the Korean Atomic Energy Institute (KAERI), the Japanese Atomic Energy Institute (JENDL), a collaboration between IPPE/Obninsk and CDFE/Moscow (BOFOD, Russia), the Chinese Nuclear Data Center (CNDC) and the Los Alamos National Laboratory (LANL) libraries;
2. Develop new evaluations for important nuclei not covered by other libraries.
As part of this coordinated effort, the LANL Nuclear Theory and Applications group (T-2) produced a series of photonuclear evaluations for the Accelerator Production of Tritium (APT) project. These were released in 1999 as the LANL150u nuclear data library [2, 3, 4, 5] .
In 2000 the complete IAEA photonuclear library [6] was released and it contains all of the LANL150u library. In 2006 the US nuclear data program produced a new photonuclear data library as part of ENDF/B-VII.0 [7] . There is substantial overlap between evaluations among these libraries: the ENDF/B-VII.0 photonuclear library was taken almost entirely from the IAEA photonuclear library, adding 240 Pu and 241 Am and improving 22 other isotopes. The actinides that were improved for ENDF/B-VII.0 now contain prompt and delayed fission neutron spectra. Table 1 (on page 10) lists all of the photonuclear evaluations in the ENDF/B-VII.0 library and indicates which isotopes were modified from the original IAEA photonuclear library. This table also shows which evaluations are taken from the LANL150u library.
A few examples of the input data and resulting evaluation (in this case BOFOD) are given in Figures 1-4 in which we show the main cross sections for 232 Th, 235 U, 238 U and 239 Pu from [6] . In figure 5 , we show thē ν evaluation added to the ENDF/B-VII.0 library. While the cross sections shown are the cross sections from the IAEA photonuclear library, they were unchanged in the ENDF/B-VII.0 library. One should note from these plots that the cross section evaluations stop at 20 MeV incident γ energy, even in cases where there is data available above this energy. In fact, all evaluations from the BOFOD library ( 232 Th, 233−238 U, 237 Np and 238−241 Pu) stop at 20 MeV whereas the rest of the library extends to 140-150 MeV, depending on the isotope. This is a real feature of both the IAEA photonuclear and ENDF/B-VII.0 libraries, i.e. photofission artificially and incorrectly "turns off" at 20 MeV.
The TENDL-2009 [8] library, produced by the Nuclear Research and Consultancy Group (NRG) in the Netherlends, takes a very different approach. The library is produced by tuning some of the inputs to the TALYS Hauser-Feshbach model in an attempt to reproduce all available neutron incident cross section data. This results in good agreement with some isotopes and discrepancies of up to a factor of two for others. The same input parameters are then used in the model to calculate photonuclear cross sections, but no comparison with data have been done. The library contains photonuclear cross sections for all stable isotopes and isotopes with half-life greater than 1 second (resulting in 1164 isotopes in the photonuclear sublibrary). This library is available from the TALYS website 1 and is transport code ready. 239 Pu from ref. [6] .
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oss sections for photons inciation, adopted for ENDF/Berimental data. 237 Np, having extended our GNASH modeling code to model the photofission processes. We were able to make extensive use of GNASH nuclear reaction modeling parameters already developed for our work on neutron reactions (e.g., fission barriers, level densities, etc). This enabled us to use our more advanced computational tools for predicting exclusive cross sections, spectra, and angular distributions for the emitted neutrons. For illustration, evaluated neutron production cross sections for 235 U+γ are shown in Fig. 74 239 Pu. Experimental data are for bremsstrahlung photons, data points refer to the average incident energy.
Our evaluations for the prompt fission neutron multiplicity,ν p , were based on using the measured data from Livermore [238] . These data are shown in Figs. 76, 77 and 78 for 235, 238 U and 239 Pu respectively. In Fig. 78 239 Pu. Experimental data are for bremsstrahlung photons, data points refer to the average incident energy.
Our evaluations for the prompt fission neutron multiplicity,ν p , were based on using the measured data from Livermore [238] . These data are shown in Figs. 76, 77 and 78 for 235, 238 U and 239 Pu respectively. In Fig. 78 we show, for comparison, the results from the Russian (Obninsk) evaluation, labeled as . We also show the results that would be obtained if one took the ENDF neutron evaluation for the A-1 system shifted by the neutron separation energy (i.e., comparing γ + 239 Pu with n+ 238 Pu, shifted by the neutron separation energy), since one would expect these results to be similar (except for small effects due to the different angular momentum in the two channels). It is reassuring that ENDF/B-VII.0: Next Generation... NUCLEAR DATA SHEETS M.B. Chadwick et al. Prompt Nubar - 239 Pu. Experimental data are for bremsstrahlung photons, data points refer to the average incident energy.
Our evaluations for the prompt fission neutron multiplicity,ν p , were based on using the measured data from Livermore [238] . These data are shown in Figs. 76, 77 and 78 for 235, 238 U and 239 Pu respectively. In Fig. 78 we show, for comparison, the results from the Russian (Obninsk) evaluation, labeled as . We also show the results that would be obtained if one took the ENDF neutron evaluation for the A-1 system shifted by the neutron separation energy (i.e., comparing γ + 239 Pu with n+ 238 Pu, shifted by the neutron separation energy), since one would expect these results to be similar (except for small effects due to the different angular momentum in the two channels). It is reassuring that indeed the two approaches lead to similar results.
For the photofission delayed neutron multiplicities, our ENDF/B-VII.0: Next Generation... NUCLEAR DATA SHEETS M.B. Chadwick et al. 239 Pu. Experimental data are for bremsstrahlung photons, data points refer to the average incident energy.
For the photofission delayed neutron multiplicities, our approach has been to utilize the equivalent neutron in- 
